多段階木変換機について(計算モデルと計算の複雑さに関する研究) by 藤芳, 明生 et al.
Title多段階木変換機について(計算モデルと計算の複雑さに関する研究)
Author(s)藤芳, 明生; 黒川, 浩一; 笠井, 琢美














, , $\mathrm{R}\mathrm{o}\mathrm{u}\mathrm{n}\mathrm{d}_{\mathrm{S}}[2],$ $\mathrm{T}\mathrm{h}\mathrm{a}\mathrm{t}\mathrm{c}\mathrm{h}\mathrm{e}\mathrm{r}[3]$ Finite State Tranformation(FST)






. , Figure 1 . ,
. - ,













Figure. 1 Figure 2
950 1996 214-220 214
22. 1 , $(\Sigma, r)$ . $\Sigma$ , $r:\Sigmaarrow N(N$
) . $\Sigma_{n}=r^{-1}(n)$ .
2. 2 $N_{+}$ . , $(N_{+})^{*}$ $D$ .. $a\in D$ $a=a_{1}a_{2},$ $a_{1},$ $a_{2}\in(N+)^{*}$ $a_{1}\in D$ .
$\bullet$ $i,j\in N+$ $i\leq j$ aj\in D , $a$ $i\in D$ .
D . , $a1\not\in D$ $a$ . $(N+)^{*}$ $\epsilon$ , $\epsilon$ .
$a,$ $b$ , $a$ $b$ , $a$ $b$ .
2. 3\Sigma , t : $Darrow\Sigma$ , $a\in D$ , $r(t(a))= \max\{i|ai\in D\}$
. , $D$ , $\Sigma$ . $D_{t}$ t $\iota’$. , , t
. \Sigma $\mathrm{T}_{\Sigma}$ .
$t\in \mathrm{T}_{\Sigma},$ $a\in D_{t}$ , $t/a=\{(b, \sigma)|(ab, \sigma)\in t\}$ . $t/a$ t $a$ .
\Sigma , $\Sigma$ $(, )$ .
$\bullet$ $t(\epsilon)=\lambda\in\Sigma_{0}$ , t $\lambda$ .
$\bullet$ $t(\epsilon)=\sigma\in\Sigma_{n},$ $n\geq 1$ , $i,$ $1\leq i\leq n$ $t/i$ t, , t $\sigma(t_{1},t_{2}, \cdots,t_{n})$ .
t \mbox{\boldmath $\sigma$}(t 1, $t_{2},$ $\cdots,$ $t_{n}$ ) , $t=\sigma(t_{1},t_{2}, \cdots , t_{n})$ .
2. 4 $I$ $\Sigma$ . $I$ \Sigma ,
t:D\rightarrow \Sigma \cup I . $a\in D$ , $t(a)\in\Sigma$ $r(t(a))= \max\{i|ai\in D\}$ , ,
$t(a)\in I$ a . , $D$ , $\Sigma$ . $I$
\Sigma $\mathrm{T}_{\Sigma}(I)$ . $t$ $a$
t/a , $t\in \mathrm{T}_{\Sigma}(I),$ $a\in D_{t}$ , $t/a=\{(b, \sigma)|(ab, \sigma)\in t, \sigma\in\Sigma\cup I\}$ .
$I$ \Sigma , $I$ $\Sigma$ $(, )$ .
$\bullet$ $t(\epsilon)=\lambda\in\Sigma_{0}$ , t $\lambda$ .
$\bullet$ t(\epsilon )=i\in I , t $i$ .
$\bullet$ $t(\epsilon)=\sigma\in\Sigma_{n},$ $n\geq 1$ , j, $1\leq j\leq n$ t/j tj , t $\sigma(t_{1},t_{2}, \cdots, t_{n})$ .
t \mbox{\boldmath $\sigma$}(t 1, $t_{2},$ $\cdots,t_{n}$ ) , $t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ .
2. 5 $I$ . index: $\mathrm{T}_{\Sigma}(I)arrow I^{*}$ .
$\bullet t=\lambda\in\Sigma_{0}$ , index$(t)=\epsilon$ .
$\bullet$ t=i\in I , index$(t)=i$ .
$\bullet$ $t=\sigma(t_{1}, t_{2}, \cdots, t_{n})$ , index$(t)=\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{x}(t_{1})\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{X}(t_{2})\cdots \mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{X}(t)n$ .
2. 6 $I,$ $J$ . $t\in \mathrm{T}_{\Sigma}(I),$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{X}(t)=i_{1}i_{2}\cdots i_{k},$ $t_{1},$ $t_{2},$ $\cdots$ , $t_{k}\in \mathrm{T}_{\Sigma}(J)$ ,
$t[t_{1},t_{2}, \cdots, t_{k}]=\{(a, \sigma)\in t|\sigma\in\Sigma\}\cup\{(ab, \sigma)|\exists h\in\{1,2, \cdots, k\}, (a, i_{h})\in t, i_{h}\in I, (b, \sigma)\in th\}$ .
$t[t_{1},t_{2}, \cdots, t_{k}]\in \mathrm{T}_{\Sigma}(J)$ , t th .
2. 7 $X=\{X1, X2, X3, \cdots\}$ . $X_{n}=\{X1, X2, \cdots, x\}n$ , $X$ $n$
. , $X_{0}=\emptyset$ .
3
3. 1( ) , $T=(Q, \Sigma, \tau, q\mathrm{o})$ . $Q$ , $\Sigma$
, $q0$ . $\tau=\{\tau_{\sigma}|\sigma\in\Sigma\}$ \Sigma . $\lambda\in\Sigma_{0}$
\tau \mbox{\boldmath $\lambda$} : $Qarrow \mathrm{T}_{\Sigma}$ , , $\sigma\in\Sigma_{n},$ $n\geq 1$ \tau \mbox{\boldmath $\sigma$} : $Qarrow \mathrm{T}_{\Sigma}(Q\mathrm{x}X_{n})$ .
3. 2 T \tau ^ : $Q\cross \mathrm{T}_{\Sigma}arrow \mathrm{T}_{\Sigma}(Q\mathrm{x}\mathrm{T}\Sigma)$ .
$\bullet t=\lambda\in\Sigma_{0}$ , $\hat{\tau}(q,t)=\mathcal{T}\lambda(q)$ .
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$\bullet$ $t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ , $\tau_{\sigma}(q)=u,$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{x}(u)=(q_{1}, x_{\dot{\iota}_{1}})(q2, X:_{2})\cdots(q_{k}, x_{\dot{*}})k$ ,
$\hat{\tau}(q,t)=u[(q1,t_{\dot{*}_{1}}), (q_{2},ti2), \cdots, (qk, ti_{k})]$.
3. 3 $T$ , $\mathrm{T}_{\Sigma}(Q\mathrm{x}\mathrm{T}_{\Sigma})$ \Rightarrow T . $t\in \mathrm{T}_{2}(Q\mathrm{x}\mathrm{T}\Sigma)$ ,
a\in Dt t(a)\in Q $\mathrm{x}\mathrm{T}_{\Sigma}$ , $t\Rightarrow\tau\{(b, \sigma)\in t|b\neq a\}\cup\{(ab, \sigma)|(b, \sigma)\in\hat{\tau}(t(a))\}$ .
, T $t$ $a$ .
3. 4 $\mathrm{T}_{\Sigma}(Q\mathrm{X}\mathrm{T}\Sigma)$ $\neq\tau$
. $a\in D_{t}\text{ }t(a)\in Q\cross T_{\Sigma}$ , $t\neq\tau\{(b, \sigma)\in t|b\neq a\}\cup\{(ab, \sigma)|(b, \sigma)\in\hat{\tau}(t(a))\}$ .
$t,t’\in \mathrm{T}_{\Sigma}$ , $t\mathrm{p}_{T}^{*}t’\Leftrightarrow t\Rightarrow_{T}^{*}$ t’ . ,
. , .
$\Rightarrow_{T}^{*}$ , $t,t’\in \mathrm{T}_{\Sigma}$ , $T(t)=t’\Leftrightarrow(q_{0},t)\Rightarrow_{\tau}*t’$ , T $\mathrm{T}_{\Sigma}arrow \mathrm{T}_{\Sigma}$
.
3. 5( ) , $T=(P, \Sigma,\rho, \tau)$ . $P$ , $\Sigma$
. $\rho=\{\rho_{\sigma}|\sigma\in\Sigma\}$ \Sigma . $\lambda\in\Sigma_{0}$ \rho ’ $\in P$ , ,
$\sigma\in\Sigma_{n},$ $n\geq 1$ \rho \mbox{\boldmath $\sigma$} :Pn\rightarrow P . $\tau=\{\tau_{\sigma}|\sigma\in\Sigma\}$ $\Sigma$
. $\lambda\in\Sigma_{0}$ \tau \mbox{\boldmath $\lambda$} : $Parrow \mathrm{T}_{\Sigma}$ , , $\sigma\in\Sigma n’ n\geq 1$ \tau \mbox{\boldmath $\sigma$} : $Parrow \mathrm{T}_{\Sigma}(X_{n})$ .
3. 6 T \rho ^ : $\mathrm{T}_{\Sigma}arrow P$ .. $t_{=}\lambda\in\Sigma_{0}$ , $\hat{\rho}(t)=\rho_{\lambda}$ .
$\bullet t_{=\sigma}(t_{1,2}t, \cdots,tn)$ , $\hat{\rho}(t)=\rho_{\sigma(}\hat{\rho}(t_{i_{\text{ }}}),\hat{\rho}(t_{i}2),$ $\cdots,\hat{\rho}(t\dot{*}_{k}))$ .
3. 7 T P : $\mathrm{T}_{\Sigma}arrow \mathrm{T}_{\Sigma}$ .
$\bullet t_{=}\lambda\in\Sigma_{0}$ , $\hat{\tau}(t_{)=T}\lambda(\hat{\rho}(t))$ .
$\bullet$ $t_{=}\sigma(t1,t2, \cdots,t_{n})$ , $\tau_{\sigma}(\hat{\rho}(t))=u,$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{x}(u)=X:_{1}x:_{2}\cdots Xi_{k}$ , $\hat{\tau}(t)=u[\hat{\tau}(t_{\dot{*}_{1}),\hat{\mathcal{T}}(}t\dot{*}_{2}), \cdots,\hat{\mathcal{T}}(t:k)]$ .
$T(t)=\hat{\tau}(t)$ , T $\mathrm{T}_{\Sigma}arrow \mathrm{T}_{\Sigma}$ .
4
4. 1( ) , $T=(P, Q,\Sigma, \rho, \mathcal{T}, F, q_{0})$ . $P,$ $Q$ , $P$
, $Q$ . $\Sigma$ , $F\subseteq P$ , $q0\in Q$ .
$\rho=\{\rho_{\sigma}|\sigma\in\Sigma\}$ . $\tau=\{\tau_{\sigma}|\sigma\in\Sigma\}$ \Sigma
. $\lambda\in\Sigma_{0}$ \tau \mbox{\boldmath $\lambda$} : $P\cross Qarrow \mathrm{T}_{\Sigma}$ , , $\sigma\in\Sigma_{n},$ $n\geq 1$ \tau \mbox{\boldmath $\sigma$} : $P\mathrm{x}Qarrow \mathrm{T}_{\Sigma}(Q\cross X_{n})$ .
4. 2 T p: $\mathrm{T}_{\Sigma}arrow P$ .
4. 3 T \tau ^ : $Q\cross \mathrm{T}\Sigmaarrow \mathrm{T}_{\Sigma}(Q_{\mathrm{X}}\mathrm{T}\Sigma)$ .
$\bullet t=\lambda\in\Sigma_{0}$ , $\hat{\mathcal{T}}(q,t)=\tau_{\lambda((}\hat{\rho}t),q)$ .
$\bullet$ $t=\sigma(t_{1,2}t, \cdots, t_{n})$ , $\tau_{\sigma}(\hat{\rho}(t),q)=u,$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{x}(u)=(q_{1}, x_{i_{1}})(q_{2,i}x)2\ldots(q_{k}, x_{i_{k}})$ ,
$\hat{\tau}(q,t)=u[(q_{1},t_{i_{1}}), (q_{2},t_{i_{2}}), \cdots, (q_{k},t_{i_{k}})]$.
4. 4 T , $\mathrm{T}_{\Sigma}(Q_{\mathrm{X}}\mathrm{T}\Sigma)$ \Rightarrow T .
$t,t’\in \mathrm{T}_{\Sigma}$ , $T(t)=t^{J}\Leftrightarrow(q_{0},t)\Rightarrow^{*}t\hat{\rho}(t’,t)\in F$ , T $\mathrm{T}_{\Sigma}arrow \mathrm{T}_{\Sigma}$ .
4. 5 $T=(P, Q, \Sigma, \rho, \tau, F, q\mathrm{o})$ \rho \tau ,
. , $\rho$ , \tau $T’$ $T=T’$ .
( ) $T=(P, Q,\Sigma, \rho, \tau, F, q\mathrm{o})$ \rho . , \rho
T’ $=(P’, Q, \Sigma, \rho’’, \tau, F’, q\mathrm{o})$ $T=T’$ .
$\bullet$ $Q,$ $q_{0}$ $T$ .
$\bullet$ $P’=P\cup\{p\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{f}\}$ , Pundef $\not\in P$
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$\bullet$ $\rho’=\{\rho_{\sigma}^{J}|\sigma\in\Sigma\}$ . $\sigma\in\Sigma_{n}$ , $p_{1},$ $\cdots$ ,Pn\in P’ Pundef , $\rho_{\sigma}(p_{1}, \cdots)p_{n})$
p’\mbox{\boldmath $\sigma$}(p 1, $\cdots,p_{n}$ ) $=\rho\sigma(p_{1}, \cdots,p_{n})$ , p’\mbox{\boldmath $\sigma$}(p1, $\cdots,p_{n}$ ) $=_{P}\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{r}$ .
, $p_{1},$ $\cdots,p_{n}$ pundef $\mathrm{P}’\sigma(p1, \cdots,Pn)=p_{\mathrm{u}}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{f}$ .
$\bullet$ $\tau’=\{\tau_{\sigma}’|\sigma\in\Sigma\}$ . $(p, q)\in P’\cross Q$ , $p\neq$ Pundef $\text{ _{}T^{J}}(\sigma P, q)=\tau_{\sigma}(p, q)$ ,
$p=p\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{f}$ \tau \mbox{\boldmath $\sigma$}J$(p, q)$ .
$\bullet F’=F$ .
$T’$ $p’$ , \tau \tau . ,
$t\in \mathrm{T}_{\Sigma}$ , T (t) \rho ^J(0 $=\hat{\rho}(t)$ , \rho ^’(t) $=p\mathrm{u}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{f}$ . ,
$T=T’$ .
, $T=(P, Q, \Sigma, \rho, \tau, F, q\mathrm{o})$ \tau . , \tau
T’ $=(P’, Q, \Sigma,\rho’, \mathcal{T}^{J}, F’, q_{0})$ $T=T’$ .
$\bullet$ $Q,$ $q_{0}$ $T$ .
$\bullet$ $P’=P\mathrm{x}2^{Q}$ .
$\bullet$ $\rho’=\{\rho_{\sigma}’|\sigma\in\Sigma\}$ .
(1) $\lambda\in\Sigma_{0}$ , $\rho_{\lambda}’=$ ( $\rho_{\lambda},$ $\{q\in Q|\tau_{\lambda}(\rho_{\lambda},$ $q)$ }) .
(2) $\sigma\in\Sigma_{n},$ $n\leq 1$ , $\rho_{\sigma}’((p1, Q1),$ $(p2, Q_{2}),$ $\cdots,$ $(Pn’ Q_{n}))=(\rho_{\sigma}(p_{1,p_{2},\cdots,p_{n}}),$ $\{q\in Q|$
$\tau_{\sigma}(\rho_{\sigma}(p1,p2, \cdots,pn), q)=u,$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{X}(u)=(q_{1}, x_{i_{1}})(q_{2}, xi_{2})\cdots(q_{k}, x_{i_{k}})$ ,
$q_{1}\in Q:_{1},$ $q_{2}\in Q_{*_{2}},$ $\cdots,$ $qn\in Qi_{\mathrm{B}}$ }) .. $\tau^{J}=\{\tau_{\sigma}^{J}|\sigma\in\Sigma\}$ . $(p, Q_{j,q})\in P\mathrm{x}2^{Q}\mathrm{x}Q$ , $\tau_{\sigma}(p, q)$
$\ovalbox{\tt\small REJECT}((p, Qj)_{)}q)=\tau_{\sigma}(P, q)$ , \tau \mbox{\boldmath $\sigma$}’ $((p, Q_{j}),$ $q)$ .
$\bullet F’=\{(q, QF)\in P^{J}|p\in F, q_{0}\in Q_{F}\}$ .
$T’$ $\tau’$ , \rho \rho ’ . ,
$(*)$ .
$(*)t\in \mathrm{T}_{\Sigma}$ , $(q,t)\Rightarrow^{*}Ts,$ $s\in \mathrm{T}_{\Sigma}$ \rho ^(t) $=p$ \rho ^’(t) $=(p, Q_{j})$ $q\in Q_{j}$ .
$(*)$ 58 . ,
. $(*)$ T=T’ .
, \rho , \tau .
5
5. 1 , $T=(Q, \Sigma, \pi, q\mathrm{o})$ . $Q$ , $q_{0}$ , $\Sigma$
. $\pi=\{\pi_{\sigma}|\sigma\in\Sigma\}$ $\Sigma$ . $\lambda\in\Sigma_{0}$
\mbox{\boldmath $\pi$}\mbox{\boldmath $\lambda$}}\mbox{\boldmath $\omega$} $\mathrm{x}\mathrm{T}\Sigma$ , $\sigma\in\Sigma,$ $n\geq 1$ \mbox{\boldmath $\pi$}\mbox{\boldmath $\sigma$} $Q\cross \mathrm{T}\Sigma(Q\mathrm{x}xn)$ .
5. 2 T \mbox{\boldmath $\pi$}^ : $Q\mathrm{x}\mathrm{T}\Sigmaarrow 2^{\mathrm{T}(Q\mathrm{x}\mathrm{T})}\Sigma\Sigma$ .
$\bullet t=\lambda\in\Sigma_{0}$ , $\hat{\pi}(q, t)=\{u|(q, u)\in\pi\lambda\}$ .
$\bullet$ $t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ , $\pi_{\sigma}(q,t)$ . $(q, u)\in\pi_{\sigma},$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{X}(u)=$
$(q_{1}, x_{i_{\text{ }}})(q2, x_{\dot{*}})2\ldots(q_{k}, x_{\dot{*}_{k}})$ , $u[(q_{1,i}t)1’(q_{2}, t_{i_{2}}),$ $\cdots,$ $(q_{k,i_{k}}t)|\}\mathrm{h}\hat{\pi}(q,t)$ .
5. 3 T , $\mathrm{T}_{\Sigma}(Q\cross \mathrm{T}_{\Sigma})$ \Rightarrow T . $t\in \mathrm{T}_{\Sigma}(Q\mathrm{x}\mathrm{T}\Sigma),$ $a\in D_{t}$ ,
$t(a)\in Q\mathrm{x}\mathrm{T}\Sigma$ , $\hat{\pi}(t(a))$ $s\in \mathrm{T}_{\Sigma}(Q\mathrm{X}\mathrm{T}\Sigma)$ , $t\Rightarrow\tau\{(b, \sigma)\in t|b\neq a\}\cup\{(ab, \sigma)|(b, \sigma)\in s\}$ .
, $\mathrm{T}_{\Sigma}(Q\cross \mathrm{T}_{\Sigma})$ $\geq\tau$ . $a\in D_{t}$ l(a)\in Q $\cross$ T\Sigma
, $\hat{\pi}(t(a))$ s\in T\Sigma (Q $\mathrm{x}\mathrm{T}_{\Sigma}$) , $t\neq\tau\{(b, \sigma)\in t|b\neq a\}\cup\{(ab, \sigma)|(b, \sigma)\in s\}$ .
$t\in \mathrm{T}_{\Sigma}$ , $T(t)=\{t^{J}\in \mathrm{T}_{\Sigma}|(q_{0}, t)\Rightarrow^{*}t’\}T$ , T $\mathrm{T}_{\Sigma}arrow 2^{\mathrm{T}}\Sigma$ .
5. 4 $\mathrm{T}_{\Sigma}(Q\mathrm{X}\mathrm{T}\Sigma)$ p $t_{1},t_{2},$ $\cdots.t_{n}$ \Rightarrow T , $i,$ $1\leq i<n$
$t_{i}\Rightarrow\tau t_{i+}1$ .
5. 5 $\mathrm{T}_{\Sigma}(Q\mathrm{x}\mathrm{T}\Sigma)$ p $t_{1},t_{2},$ $\cdots.t_{n}$ \Rightarrow T , $i,$ $1\leq i<n$
$t:\neq\tau t_{\dot{*}}+1$ .
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5. 6 , T $=(Q, \Sigma, \pi, q_{0})$ , t\in T\Sigma , $(q_{0},t)\Rightarrow^{*}\tau$
$t’,$ $t’\in \mathrm{T}_{\Sigma}$ $(q_{0}, t)=t_{1},t2,$ $\cdots$ ,tn=t’ – . T
$\mathrm{T}_{\Sigma}arrow \mathrm{T}_{\Sigma}$ . $t,$ $t^{J}\in T_{\Sigma}$ $T(t)=t^{J}\Leftrightarrow(q0,t)\Rightarrow_{T}^{*}t$ ’ .
5. 7 $T$ . $t=\sigma(t_{1},t_{2}, \cdots,t_{n})\in\tau_{\Sigma}$ \mbox{\boldmath $\pi$}\mbox{\boldmath $\sigma$} $(q, u)$ ,
s\in T\Sigma $(q,t)\Rightarrow\tau u^{J}\Rightarrow_{T}^{*}s$ . , u’ index$(u)=(q_{1}, x_{i_{1}})(q_{2}, Xi_{2})\cdots(q_{k}, x_{i_{k}})$
u’ $=u[(q_{1}, t|.1), (q_{2},t_{\dot{i}_{2}}), \cdots, (q_{k},t_{i_{k}})]$ .
5. 8 $(q, u)$ \mbox{\boldmath $\pi$}\mbox{\boldmath $\sigma$} , index$(u)=(q_{1}, x_{i_{1}})(q_{2}, xi_{2})\cdots(q_{k}, x:_{k})$ . , $t=\sigma(t_{1}, t_{2}, \cdots,t_{n})\in$
$\mathrm{T}_{\Sigma}$ , $(q, u)$ , j, $1\leq j\leq k$ $t_{i_{\mathrm{j}}}(\epsilon)=\delta \text{ _{}t_{i_{\mathrm{j}}}}$ \mbox{\boldmath $\pi$}\mbox{\boldmath $\sigma$}
qj .
( ) $t\in \mathrm{T}_{\Sigma}$ . $t=\lambda\in\Sigma_{0}$ . $t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ , $(q,u)\in\pi_{\sigma}$ t
, index$(u)=(q_{1}, x_{i_{1}})(q_{2}, X_{*_{2}}.)\cdots(q_{k}, x_{i_{k}})$ $(q,t)\Rightarrow_{T}u[(q1,t:1), (q_{2},t_{i_{2}}), \cdots, (q_{k}, t:_{\text{ }})]\Rightarrow_{T}^{*}s,$ $s\in \mathrm{T}_{\Sigma}$
. $s=u[S_{1}, S_{2}, \cdots , s_{k}]$ , j, $1\leq j\leq k$ $(q_{j},t:_{j})\Rightarrow^{*}Ts_{j}$ . , )$l$
, $t_{i_{\mathrm{j}}}(\epsilon)=\delta \text{ }t_{i}\mathrm{j}$ $\llcorner\pi_{\delta}$ $q_{j}$ . , j, $1\leq j\leq k$ $t_{:_{j}}(\epsilon)=\delta$
\mbox{\boldmath $\pi$}6 $q_{j}$ , , $(q_{j}, t_{i_{j}})\Rightarrow_{\tau}^{*}s_{j},$ $s\in T_{\Sigma}$
, $(q,t)\Rightarrow\tau*u[S1, s_{2,k}\ldots, s]$ .
5. 9 $q\in Q$ , $t\in \mathrm{T}_{\Sigma}$ $u\in T_{\Sigma}(Q\mathrm{x}\mathrm{T}\Sigma)$ , $(q_{0}, t)\Rightarrow_{t}^{*}u$ , $u$
q .
5. 10 q\in Q \mbox{\boldmath $\zeta$} , $(q,t)\Rightarrow_{T}S*$ , $s$ ,t\in T\Sigma .
5. 11 T , T .
5. 12 T , $T=T’$ $T’$ .
( )
5. 13 T , $t=\sigma(t_{1}, t_{2}, \cdots , t_{n})\in \mathrm{T}_{\Sigma}$
, $\tau_{\sigma}$ q\in Q 1 .
( ) T . $t\in T_{\Sigma}$ \mbox{\boldmath $\pi$}\mbox{\boldmath $\sigma$} q\in Q
. $T$ , $s,$ $u\in \mathrm{T}_{\Sigma}$ $t^{J}\in T_{\Sigma}(Q\mathrm{x}\mathrm{T}_{\Sigma})$ , $(q_{0}, s)\Rightarrow^{*}\tau Tt’\Rightarrow^{*}u$
, $(q,t)$ tJ . , $s$ s’ $(q,t)\Rightarrow_{T}^{*}s’$ . ,
. .
6 –
6. 1 $t\in T_{\Sigma}(Q\cross xn)$ $t\in \mathrm{T}_{\Sigma}(X_{n})$ , $i,$ $1\leq i\leq n$ , $t$
x’ – . T , T T\Sigma (Q $\mathrm{x}X_{n}$ )
$\mathrm{T}_{\Sigma}(X_{n})$ .
, .
1 $U$ , $T=U$ T .
( ) $U=(Q, \Sigma, \pi, q\mathrm{o})$ . 512 , $U$ .
T $=(P, Q, \Sigma, \rho, \mathcal{T}, F, q_{0})$ $T=U$ .. $Q,$ $q0$ $U$ .
$\bullet P=\bigcup_{\sigma\in}\Sigma 2^{\pi_{\sigma}}$ .. $p=\{\rho_{\sigma}|\sigma\in\Sigma\}$ .
(1) $\lambda\in\Sigma_{0}$ , $p_{\lambda}=\pi_{\lambda}$ .
(2) $\sigma\in\Sigma_{n},$ $n\geq 1$ , $p_{\sigma}(p1,p2, \cdots,Pn)=\{(q, u)\in\pi_{\sigma}|\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{x}(u)=(q_{1}, x_{\dot{*}_{1}})(q_{2}, X_{i}2)\cdots(q_{k}, x_{i\text{ }})$
j, $1\leq j\leq k$ $s\in \mathrm{T}\Sigma(Q\mathrm{x}Xn)$ $(q_{j}, s)\in p_{i_{j}}$ } .
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$\bullet$ $\tau=\{\tau_{\sigma}|\sigma\in\Sigma\}$ . \mbox{\boldmath $\sigma$}\in \Sigma ,
$\tau_{\sigma}(p, q)=\{$
$t$




T p \rho ^ $(*)$ .
$(*)t=\sigma(t_{1},t_{2}, \cdots,t_{n})\in \mathrm{T}_{\Sigma}$ \rho ^(t) $=$ { $(q,$ $u)\in\pi_{\sigma}|(q,$ $u)$ $t$ }.
$(*)$ 58 . , $(**)$ .
$(**)s\in \mathrm{T}_{\Sigma}$ $(q,t)\Rightarrow_{U^{S}}*$ $(q,t)\Rightarrow_{T}S*$ .
$(**)$ $t\in \mathrm{T}_{\Sigma}$ .
$t=\lambda\in\Sigma_{0}$ , $(q,t)\Rightarrow_{U}^{*}s$ $(q, s)\in\pi_{\lambda}$ . $U$ , $\pi_{\lambda}$
, 513 , $\pi_{\lambda}$ q $(q, s)$ – . , $(*)$ ,
$(q, s)\in\hat{p}(t)$ \tau \mbox{\boldmath $\lambda$}(\rho ^(t), $q$ ) $=s$ . , $(q,t)\Rightarrow\tau s$ . , $(q,t)\Rightarrow T^{S}$ \tau \mbox{\boldmath $\lambda$}(\rho ^(t), $q$ ) $=s$
. , \tau , $(q, s)\in\pi_{\lambda}$ . , $(q,t)\Rightarrow U^{S}$ .
$t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ , $(q,t)\Rightarrow us$ , $u\in \mathrm{T}_{\Sigma}(Q\mathrm{x}\mathrm{T}_{\Sigma})$ . index$(u)=$
$(q1, xi_{1})(q2, xi_{2})\cdots(qk, Xi_{\text{ }})$ $(q,t)\Rightarrow uu[(q_{1},t_{i_{1}}), (q_{2}, t_{\dot{*}_{2}}), \cdots, (q_{k}, t_{\dot{\iota}_{k}})]\Rightarrow_{U}^{*}s$ , $(q, u)\in\pi_{\sigma}$ .
, $U$ \mbox{\boldmath $\pi$}\mbox{\boldmath $\sigma$} q $(q, u)$ – . ,
$\tau_{\sigma}(\hat{\rho}(t),q)=u$ . , $s=u[s_{1}s_{2}, \cdots, s_{n}])$ , j, $1\leq j\leq k$ $(qj,ti_{j})\Rightarrow^{*}\tau jS$
. , $(q,t)\Rightarrow_{T}^{*}s$ . .
$(**)$ , $t\in \mathrm{T}_{\Sigma}$ $s\in \mathrm{T}_{\Sigma}$ , $(q0, t)\Rightarrow u*s\Leftrightarrow(q_{0}, t)\Rightarrow_{T}^{*}s$ . , $\hat{\rho}(t)\in F$
. , T=U .
2 $T$ , $U=T$ U .
( ) $T=(P, Q, \Sigma, \rho, \tau, F, q\mathrm{o})$ . U $=(Q^{U}, \Sigma, \pi, q_{0}^{U})$
U=T $U$ .
$\bullet$ $Q^{U}=P\cross Q\cup\{q_{0}^{U}\}$ , $q_{0}^{U}\not\in P\cross Q$ .
$\bullet$ $\pi=\{\pi_{\sigma}|\sigma\in\Sigma\}$ .
(1) $\lambda\in\Sigma_{0}$ , $\pi_{\lambda}^{J}=\{(p, q, u)\in P\mathrm{x}Q\mathrm{X}\mathrm{T}_{\Sigma}|p_{\lambda}=p, \tau_{\lambda}(p, q)=u\}$ .
(2) $\sigma\in\Sigma_{n},$ $n\geq 1$ , $\pi_{\sigma}’=$ { $(p,$ $q,$ $u)\in P\cross Q\mathrm{X}T\Sigma(P\mathrm{X}Q\cross \mathrm{T}\Sigma)|$ 3 }. index$(u)=(p_{1}, q1, x\dot{*}1)(p_{2}, q2, x_{\dot{*}_{2}})\cdots(p_{k}, q_{k}, x_{i_{k}})$ , $i_{\mathrm{t}}=i_{m}$ pl $=p_{m}$ .
$\bullet\tau_{\sigma}(p, q)=u[(q_{1}, x_{1}.1), (q_{2,\dot{\iota}}X)2’\cdots, (q_{k*\text{ }}, X.)]$ .
$\bullet$ $\rho_{\sigma}(P_{1}’,P_{2}J, \cdots ,p_{n}^{J})=p$ . , j, $1\leq j\leq n$ $j=i_{m}$ $p_{j}^{J}=p_{m}$ .
( , $p_{1}’’’,p_{2},$$\cdots,pn$ . )
(3) \mbox{\boldmath $\sigma$}\in \Sigma , $\pi_{\sigma}=\pi_{\sigma}’\cup\{(q_{0}^{U}, u)|(p, q_{0}, u)\in\pi_{\sigma}, p\in F\}$ .
$U$ $(*)$ .
$(*)t,$ $s\in \mathrm{T}_{\Sigma}$ , $(q,t)\Rightarrow\tau s*,\hat{\rho}(t)=p$ $(p, q, t)\Rightarrow U^{S}*$ .
$(*)$ $t\in \mathrm{T}_{\Sigma}$ .
$t=\lambda\in\Sigma_{0}$ , .
$t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ , $(q,t)\Rightarrow_{T}^{*}S,\hat{p}(t)=_{P}$ , $\tau_{\sigma}(P, q)=u,$ $\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{x}(u)=(q_{1}, x_{\dot{8}_{1}})(q2, xi_{2})\cdots(q_{k}, x_{\dot{l}\text{ }})$
, $(q,t)\Rightarrow Tu[(q_{1,*_{1}}t\cdot), (q_{2,:_{2}}t), \cdots, (q_{k},t_{i_{\text{ }}})]\Rightarrow_{T}^{*}u[s1, s2, \cdots, Sk]=s$ , j, 1 $\leq j\leq k$
$(q_{j,\mathrm{j}}t_{\dot{*}})\Rightarrow_{T}^{*}s_{j}$ . , , j, $1\leq j\leq k$ $(\hat{\rho}(t_{i_{j}}), q_{i}, t_{\dot{*}})\mathrm{j}\Rightarrow_{U}^{*}s_{j}$ . ,
$(p, q, u[(\hat{\rho}(t:_{1}), q1, x:1), (\hat{\rho}(ti_{2}), q_{2}, xi_{2}), \cdots, (\hat{p}(t_{i_{k}}), q_{k,\dot{l}_{\text{ }}}x)])\in\pi_{\sigma}$ . , $(p, q,t)\Rightarrow_{U}^{*}s$ .
.
$(*)$ , $(q0,t)\Rightarrow TS*,\hat{\rho}(t)\in F\Leftrightarrow(p, q_{0},t)\Rightarrow_{U}^{*}S$, P\in F . , $\pi_{\sigma}$ , $(p, q_{0},t)\Rightarrow^{*}US,$ $p\in$
$F\Leftrightarrow(q_{0}^{U},t)\Rightarrow_{U}s*$ . , $T=U$ . , $U$ , U
T .
7
52 , T \mbox{\boldmath $\pi$}^ $Q\mathrm{x}\tau_{\Sigma}(I)arrow 2^{\tau_{\Sigma}(Q\tau}\mathrm{x}\Sigma(I))$ .
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$\bullet t=\lambda\in\Sigma_{0}$ , $\hat{\pi}(q,t)=\{u|(q, u)\in\pi\lambda\}$ .
$\bullet$ t=i\in I ,\mbox{\boldmath $\pi$}^$(q, t)=\{(q, i)\}$ .
$\bullet$ $t=\sigma(t_{1},t_{2}, \cdots ,t_{n})$ , $\hat{\pi}(q, t)$ . $(q, u)\in\pi_{\sigma},$ $indeX(u)=$
$(q_{1}, x_{i_{1}})(q2, x:_{2})\cdots(q_{k,\dot{\iota}_{*}}x)$ , $u[(q_{1},t:1), (q_{2,:_{2}}t), \cdots, (q_{k},t:_{k})]$ \mbox{\boldmath $\pi$}^$(q, t)$ .
, \Rightarrow T 53 $\tau_{\Sigma}(Q\mathrm{X}\tau_{\Sigma}(I))$ .
3 $S$ $T$ . U , $t\in \mathrm{T}_{\Sigma}$ $U(t)=s(\tau(t))$ .
( ) $S=(Q^{S}, \Sigma,\pi^{S}, q_{0}^{s}),$ $T=(Q^{T}, \Sigma, \pi^{\tau}, q_{0})\tau$ . U $=$
$(Q^{UUU}, \Sigma, \pi, q_{0})$ , $t\in \mathrm{T}_{\Sigma}$ $U(T)=s(\tau(t))$ .
$\bullet Q^{U}=Q^{S}\mathrm{x}Q^{T}$ .
$\bullet q_{0}^{u}=(q_{0’ 0}q^{\tau})S$ .
$\bullet\pi^{U}=\{\pi_{\sigma}^{U}|\sigma\in\Sigma\},$ $\pi_{\sigma}^{U}=\{(q^{s}, q\tau,|(q\tau S),t)\in\pi^{T}\sigma, (q,ts)\Rightarrow*SS’ s\in T_{\Sigma}(QS\mathrm{x}Q^{T}\mathrm{x}\mathrm{T}_{\Sigma})\}$ .
$U$ $(*)$ .
$(*)t,$ $u\in \mathrm{T}_{\Sigma}$ , $s\in \mathrm{T}_{\Sigma}$ $(q,t\tau)\Rightarrow_{T}*s$ $(q^{S}, s)\Rightarrow_{S}*u$ $(q^{S}, q,t)\tau*u\Rightarrow U$.
$(*)$ $t\in T_{\Sigma}$ .
$t=\lambda\in\Sigma_{0}$ , \searrow
$t=\sigma(t_{1},t_{2}, \cdots,t_{n})$ , $(q^{T},t)\Rightarrow_{\tau}S*$ $(q, s)s*u\Rightarrow_{S}$ , $\pi_{\sigma}^{T}$ $(q^{T},t’)$ , index$(t’)=$
$(q_{1}^{T}, x_{i_{1}})(q^{\tau}2, Xi2)\cdots(q_{k’ k}^{T}X_{i})$ $(q^{T}, t)\Rightarrow\tau t’[(q_{1}^{T}, ti_{1}), (q_{2}^{T},t_{\dot{*}_{2}}), \cdots, (q_{k’\text{ }^{}T}t_{\dot{l}})]\Rightarrow_{T}^{*}t^{J}[s_{1,2}s, \cdots, s_{k}]=s$ ,
j, $1\leq i\leq k$ $(q_{j}^{T},t_{i})\mathrm{j}\Rightarrow^{*}\tau Sj$ . , $(q,t’s)\Rightarrow_{S}*tJ’,$ $t^{J\prime}\in \mathrm{T}_{\Sigma}(Q_{S}\mathrm{x}QT^{\mathrm{X}}Xn)$ ,
index$(t^{J\prime})=(q_{1}^{S}, q_{j}\tau_{1} , x:_{\mathrm{j}_{1}})(q_{2}^{S}, q_{j_{2}}^{T} , x_{i_{j_{2}}})\cdots(q_{m}^{S}, q_{jm}T , x_{i_{\mathrm{j}_{m}}})$ $(q^{S}, s)\Rightarrow_{S}^{*}t^{l}’[(q^{s}1 , Sj_{1}), (q_{2}^{S}, s_{j_{2}}), \cdots, (q_{m}^{S}, sj_{m})]\Rightarrow_{S}^{*}$
$t”[u_{1,2}u, \cdots, um]=u$ , $r,$ $1\leq r\leq m$ $(q^{S},s)\Rightarrow_{s}^{*}$ u, . , $(q^{S\prime},t)\Rightarrow_{S}^{*}$ t”
, t” $(q,, q_{j}^{T} x_{\dot{*}})sr$ , , t’ $(q_{j_{r}}^{T}, X_{i_{\mathrm{j}r}})$ . ,
, $r,$ $1\leq r\leq m$ $(q^{S},, q_{j_{r}’ i_{\mathrm{j}r}}^{\tau}t)\Rightarrow_{U}^{*}u_{f}$ . , $\pi_{\sigma}^{U}$ , $(q^{S}, q,t\tau")$ $\in\pi_{\sigma}^{U}$
, $(q^{sT}, q,t)\Rightarrow_{U}^{*}u$ . , $(q^{s\tau}, q, t)\Rightarrow_{U}^{*}u$ , $\pi_{\sigma}^{U}$ $(q^{S}, q^{T},t\prime\prime)$ , index$(t\prime\prime)=$
$(q_{1}^{S},q_{1’ 1}x\dot{l})\tau(q2S,\tau q2,2 X_{i})\cdots(q_{k}, q_{k}s\tau, x_{\dot{\iota}})k$ $(q^{S}, q,t\tau)\Rightarrow ut’’[(q^{s}1’ q_{1}^{T},t:_{1}), (q_{2}^{ST}, q_{2},ti2), \cdots, (q_{k}^{S}, q_{k}^{T},ti_{\text{ }})]\Rightarrow_{U}^{*}$
$t”[u1, u_{2,k}\ldots, u]=u$ , j, $1\leq j\leq k$ $(q_{j}^{S}, q_{j}^{\tau}, t\dot{\iota}_{\mathrm{j}})\Rightarrow_{U}^{*}u_{j}$ . , $\pi_{\sigma}^{U}$ , $(q^{T}, t’)\in$
$\pi_{\sigma}^{T}$ ( $q^{S}$ ,t’)\Rightarrow s*t’’ . index$(t’)=(q_{j_{1}}^{T}, x_{\dot{*}_{\mathrm{j}_{1}}})(q_{j_{2}}^{T}, x:_{j_{2}})\cdots(q^{T}j_{m}’ xi\mathrm{j}_{m})$ ,
, $t^{J}$ $(q_{j_{r}}^{T}, x_{i_{j,}})$ , , t” ( $q_{j,’ j}^{ST}q,$ xi )
$r$
. ,
, $s_{1},$ $s_{2},$ $\cdots,$ $S_{m}\in \mathrm{T}_{\Sigma}$ , r $1\leq r\leq m$ $(q_{j_{r}’ \mathrm{j},}^{T}t_{i})\Rightarrow_{T}^{*}s$, . , $h,$ $1\leq h\leq k$
$j_{f}=h$ $r$ , $(q_{h’\Gamma}^{S}.s)\Rightarrow_{S}^{*}u_{h}$ . , $s=t’[S_{1}, S_{2}, \cdots, s_{m}]$ $(q^{T},t)\Rightarrow_{T}^{*}s$
$(q^{S},t)\Rightarrow^{*}Su$ .
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